The main aim of this study is to develop an overall monitoring and control system for the efficient use of underground water resources in agricultural lands. An information platform is established for the agricultural land by temperature and humidity sensors. The values obtained by the sensors are transferred to a central database. That database is also present on a web based server as it can be reached by a Wi-Fi structure. The only arrangement that the farmer should do is choosing the plant for that season. The system performs all the operations according to the chosen plant automatically. Those operations contain initial, crop development, mid season and late season periods. This study also comes forward with the usage of clean energy. The energy costs are reduced by using renewable energy with the help of solar panels placed on the agricultural land.
INTRODUCTION

A B S T R A C T
M onitoring and control system is very important for crop development process in agriculture zones. A structure which is carried out based on the type of the product with the knowledge of temperature and humidity values of the agricultural land can contribute to the efficient use of underground water resources. Additionally, it can also contribute to the establishment of the administration of the land besides the economical contributions to the farmer. In this study, the values obtained by heat and humidity sensors which are placed in different locations of agricultural field are transmitted to a database by using a central operation unit. The water requirement based on the product is determined according to that database. Those values are transferred to the smart phones by using a Wi-Fi connection. A real time monitoring system is established on the smart phone. The energy supply of the system is obtained by solar cells. The design offers several advantages such as saving of the water, time and energy with the efficient use of underground water resources. Thus, by using clean energy, the design constitutes an environmental friendly system.
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Agriculture zone, Smart phone, Underground water, Sensor networks cording to the product development periods can contribute to the true use of underground water resources. Especially in drip irrigation systems, the plant is subjected to a small amount of water continuously. In this study, smart use of water according to the production stage is used instead of that system. The United Nations Food and Agriculture Organization (FAO) recommends Penman Monteith method developed to determine crop water requirement. It is aimed to calculate the healthy evapotranspiration with the crop coefficient (kc) determined by the specific data of the irrigation area. The reference evapotranspiration (ET0) has been used and required climate data have been obtained from internet site of Turkish State Meteorological Service (www.mgm.gov.tr) in order to account using the FAO Penman Monteith method [16] . Table 1 .
The obtained climate data and the values of crop water requirements depending on seasonal development are shown in Table 2 . According to the table, the total water demand in the process of growing the product has been identified as 362,1 mm/dec.
The experimental study is carried out in a tomato land with 200 m 2 in Mecitözü. The plan of the control and monitoring system along with the home page screenshot of smart phone are given in Figure 1 . Ground water that is transferred from the well to the water tank with 500 Lt by the booster has been connected to irrigation laterals via a filter. The required energy for the agriculture zone control and monitoring system are obtained by solar panels.
A Programmable Logic Controller (PLC) is used as the hardware in the study. The output of the PLC is a pump while the inputs are sensors. An IOS/Android server is connected to the PLC and the mobile devices are communicating with the server via a Wi-Fi router. The server provides direct communication between the mobile devices and the addresses on the PLC. At this point, monitoring and control of the system with the IOS/Android devices is possible with a developed software. The program called Easy Builder Pro that is developed by Weintek Corporation is used as that software. The program starts with introducing the PLC to the software. After that, the addresses to monitor and control the desired parameters should be identified. In this study, the data collected from the sensors is transmitted to the PLC through the web. Each parameter has a valid address that can be accessed from the Easy Builder Pro which is installed on the mobile device. The closed loop block diagram of the designed system is presented in Fig. 2 .
The mobile interface initialization screen is presented in Fig. 3 . The parameters for different crops can be specified through the "Data Input" option. Thus, an irrigation chart for different crops can be obtained. The manual control of the valves can be obtained via the "Valve" option while the "Pump" option controls the on/off actions for the pump. The "Monitoring" option shows the situations for the pump and the valves. The data collected from the sensors can be viewed with the "Moisture" option. Finally, the "Info" option The Fig. 4 shows the moisture screen that collects data from DS200 moisture sensors that are located in the different points of the field. There are 9 moisture sensors used in this study. Fig. 5 shows an example data collected from Sensor 2. The moisture values collected from sensors are displayed as percentages. It is possible for the user to monitor the moisture values in a desired time interval. Fig. 6 shows the example execution field that the study is applied.
RESULTS AND DISCUSSION
Planting date from April to harvest; average monthly temperature results obtained from sensors in agriculture zone have been given in Fig. 7 . As can be seen in Fig. 7 , temperature rate is almost constant during the all stages. The temperature values of the land are measured in initial, development, mid-season and late season stages. That period covers a total time of 5 months. The highest temperature is about 18°C which appears to occur in the mid-season. On the other hand, the lowest temperature is about 13°C that is around the initial stage. The graph contains data which are the average of the daily measured values.. Figure 8 shows the processing screen for the moisture values collected from the sensors. The data presented in the graph is collected in the mid-season and it shows the percentage of the moisture. Moisture rate decreases especially during the effects of the sun. When this situation is compared with the climatic data, it is seen that these results are close to the average values.
The water consumption values for the growth stages are presented in Figure 9 . The figure contains the irrigation values for both the developed system and conventional drip irrigation systems. Additionally, the water requirements for the growth stages are also presented in the figure. It can be seen that the irrigation values for the developed system fits very well with the water requirements curve. As a result, the developed system contributes %38 more underground water savings when compared with the conventional drip irrigation system. 
CONCLUSION
This study shows that ground water irrigation system with moisture and temperature sensors are extremely advantageous for growing crops in agricultural systems. A very important advantage is obtained by adjusting the amount of ground water needed in the plant growth stages and by consuming the water depending on the soil moisture and temperature with classic drip irrigation systems. Amount savings has been achieved in energy costs by using solar energy. The system can be operated integrating with smart phones. Hence, the whole system can be controlled and monitored by these devices which is an indispensable instrument of modern technology. Besides the efficient use of underground water resources, this study also constitutes an effective structure for the administration of the agricultural lands.
The designed system constitutes the monitoring and control of the amount of water inside the land which is based on the stage of the plant growth. A future work may focus on the optimization techniques to provide more precise irrigation for the plant growth. The combination of the data gathered from past rainfall values and moisture levels inside the land might be the main contributions for the optimization. The agricultural systems will benefit from that system as more precise information is gathered for the facts such as the need of water for the plant growth and the exact time of growth stages.
